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bstract
urpose:  To investigate the prevalence and CT image characteristics of anterior mediastinal masses in a population-based cohort and their
ssociation with the demographics of the participants.
aterials  and  methods:  Chest CT scans of 2571 Framingham Heart Study participants (mean age 58.9 years, 51% female) were evaluated by
wo board-certified radiologists with expertise in thoracic imaging for the presence of anterior mediastinal masses, their shape, contour, location,
nvasion of adjacent structures, fat content, and calcification. For participants with anterior mediastinal masses, a previous cardiac CT scan was
eviewed for interval size change of the masses, when available. The demographics of the participants were studied for any association with the
resence of anterior mediastinal masses.
esults:  Of 2571, 23 participants (0.9%, 95% CI: 0.6–1.3) had anterior mediastinal masses on CT. The most common CT characteristics were oval
hape, lobular contour, and midline location, showing soft tissue density (median 32.1 HU). Fat content was detected in a few cases (9%, 2/23).
ix out of eight masses with available prior cardiac CT scans demonstrated an interval growth over a median period of 6.5 years. No risk factors
or anterior mediastinal masses were detected among participants’ demographics, including age, sex, BMI, and cigarette smoking.
onclusions:  The prevalence of anterior mediastinal masses is 0.9% in the Framingham Heart Study. Those masses may increase in size when
bserved over 5–7 years. Investigation of clinical significance in incidentally found anterior mediastinal masses with a longer period of follow-up
ould be necessary.
 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
http://creativecommons.org/licenses/by-nc-nd/4.0/).
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.  IntroductionIncidental encounters with mediastinal masses have become
ore common with the growing use of computed tomography
CT) in clinical practice as well as in screening of lung cancer.
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nterior mediastinal masses account for 50% of all mediastinal
asses [1,2]. Anterior mediastinal masses can represent a wide
pectrum of diseases, including thymoma, thymic carcinoma,
hymic cyst, thymic hyperplasia, mature teratoma, malignant
erm cell tumor, and malignant lymphoma [1,3]. CT and mag-
etic resonance imaging (MRI) are the noninvasive study of
hoice for the diagnosis of mediastinal masses [1–8]. To date,
he report by Henschke et al. is the only study describing a preva-
ence of anterior mediastinal masses of 0.4% (41/9263) in the
arly Lung Cancer Action Project (ELCAP) with CT scans of
263 smokers over the age of 40 at high risk for lung cancer [2].
is an open access article under the CC BY-NC-ND license
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traits to account for familial correlations [15]. The demograph-Fig. 1. Workflow of the study.
hey also reported that the mediastinal masses, if less than 3 cm
n diameter, remained unchanged or even decreased in size at a
hort follow-up CT scan 1 year later [2].
Despite these findings, little is known about the prevalence
nd natural course of anterior mediastinal masses in the general
opulation. There are no prior studies of anterior mediastinal
asses with a long follow-up and their risk factors have not been
nvestigated. To investigate the prevalence and natural course of
nterior mediastinal masses we assessed 2571 chest CT scans
rom the Framingham Heart Study and retrospectively assessed
rior cardiac CT scans from those identified to have an anterior
ediastinal mass. The demographics of the participants were
lso investigated for any associations with anterior mediastinal
asses.
.  Materials  and  methods
.1.  Study  population
The Framingham Heart Study was launched in 1948 to inves-
igate epidemiologic risk factors of cardiovascular disease [9].
ubsequent to the recruitment of the original cohort in 1948,
he offspring cohort, formed by children of the original cohort
embers and their spouses, was recruited in 1971, followed in
002 by the third generation cohort, consisting of grandchil-
ren from the original cohort members. From 2008 to 2011,
764 participants of the Framingham Heart Study from the off-
pring and the third generation cohorts underwent non-contrast
hest CT scans (FHS-MDCT2) without any clinical intentions.
articipants underwent CT scans in the supine position at full
nspiration using a 64-detector-row CT scanner (Discovery, GE
ealthcare, Waukesha, WI) with 120 kV and 300–350 mA (opti-
ized with body weight) with a gantry rotation time of 0.35 s.
he section thickness of images was 0.63 mm. Of the 2633 par-
icipants with CT scans available for review, 62 participants with
rior sternotomy were excluded from the study (Fig. 1) because
t could have purported thymectomy and hamper evaluations
f the anterior mediastinum with significant artifact. Therefore,
he study population included 2571 participants (mean age 58.9
ears, range 34–92 years, 51% female). From 2002 to 2005, car-
iac CT scans (FHS-MDCT1) were also provided. Participants
nderwent ECG-gated non-contrast cardiac scans in the supine
osition at full inspiration using an 8-detector-row CT scan-
er (Lightspeed, GE Healthcare, Waukesha, WI) with 120 kV,
i
p
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20–400 mA (optimized with body weight), and a gantry rota-
ion time of 0.5 s. The section thickness of cardiac CT images
as 2.5 mm. Cardiac CT scans cover from 2 cm below the carina
o the apex of the heart and we utilized the scans only for com-
arison if the mass lesion was within the covered area. The
nstitutional review boards at Brigham and Women’s Hospital
nd Boston University approved the present study and written
nformed consent was obtained from all participants. This study
s compliant with Health Insurance Portability and Accountabil-
ty Act (HIPAA).
.2.  Evaluation  of  chest  CT  images
An anterior mediastinal mass was defined as any mass lesion
o less than 5 mm in the short axis diameter located in the
nterior mediastinum, the compartment between the back of
he sternum and the anterior aspect of the great vessels and
ericardium [8,10–12]. Cases with multiple masses were not
ncluded in the analysis as these were most consistent with
ymphadenopathy and the present study focused on solitary
nterior mediastinal masses. All CT scans were uploaded to a
icture Archiving and Communication System (PACS) work-
tation (Virtual Place Raijin, AZE Ltd., Tokyo, Japan) and
creened for anterior mediastinal masses by a board-certified
adiologist (T.A.). Bidimensional diameters of the longest and
erpendicular longest diameters (mm), and CT attenuations
HU, Hounsfield unit) were also measured by the radiologist
sing a caliper-type measurement tool as described previously
13]. Cases with an anterior mediastinal mass as a result of the
rst review were further evaluated by two board-certified radio-
ogists with expertise in thoracic imaging (M.N. and H.H.) for
he following qualitative findings: (1) shape (round, oval, tri-
ngular, irregular), (2) contour (smooth, lobular, irregular), (3)
ocation (midline, right-sided, left-sided), (4) invasion or mass
ffect on adjacent structures, and (5) other findings (fat con-
ent, necrosis, calcification) [14]. The readers were blinded to
ny participants’ information, including age and sex. After the
valuation of these features, radiologic diagnoses (up to three
ifferential diagnoses with rank) were also provided by con-
ensus. In participants with anterior mediastinal masses, we
etrospectively assessed their previous cardiac CT scans (FHS-
DCT1, median 6.5 years prior to the FHS-MDCT2), when
vailable, for interval change (no change, increase, or decrease
n size). We defined growth in the mass as a more than 20%
ncrease in the longest diameter. For the evaluation and mea-
urements of the masses, window level and width were fixed at
0 HU and 350 HU, respectively.
.3.  Statistical  analysis
All statistical analyses used mixed effect models for con-
inuous traits and generalized estimating equations for binarycs of the participants were studied for associations with the
resence of anterior mediastinal masses using R (version 3.1.1,
he R Foundation for Statistical Computing, Vienna, Austria).
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Table 1
Size and CT attenuation of anterior mediastinal masses in 23 participants.
Measurements Mean ± SD [range] Median [Q1, Q3]
Longest diameter (mm) 19.9 ± 9.2 [9.3 to 38.2] 17.9 [11.0, 30.0]
Longest perpendicular diameter (mm) 11.3 ± 4.4 [5.1 to 23.0] 10.5 [7.4, 13.8]
CT attenuation (HU) 46.3 ± 78.6 [−10.7 to 392.4] 32.1 [10.2, 56.2]
SD: standard deviation; Q1, Q3: first and third quartiles.
Table 2
Longest diameter of anterior mediastinal masses.
Longest diameter (mm) Total
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 values were two-sided and regarded as statistically significant
t the level of 0.05.
.  Results
Of 2571 participants, 23 participants (0.9%, 95% confidence
nterval 0.6–1.3) had a solitary anterior mediastinal mass based
n the radiologic review of CT scans. The summary of the quan-
itative measurements for the 23 participants is presented in
able 1 and the distribution of the longest diameter of the masses
s shown in Table 2. The medians of the longest and the per-
endicular longest diameters and CT attenuation were 17.9 mm
range 9.3–38.2), 10.5 mm (5.1–23.0), and 32.1 HU (−10.7 to
92.4), respectively. The results of the qualitative CT findings
re shown in Table 3. The most common CT characteristics of
he anterior mediastinal masses were oval shape (14/23, 62%),
obular contour (11/23, 47%), and midline location (9/23, 39%).
alcifications and fat contents were present in 2 out of 23 cases9%), respectively. Invasion and mass effect to the adjacent struc-
ures, or necrosis in the mass, were not observed in any case. The
eading radiologic diagnosis was thymoma in 11 (48%), thymic
able 3
ualitative features of anterior mediastinal masses on CT images.
hape
val 14 (62%)
rregular 7 (30%)
ound 1 (4%)
riangular 1 (4%)
ontour
obular 11 (47%)
mooth 10 (44%)
rregular 2 (9%)
ocation
idline 9 (39%)
eft-sided 8 (35%)
ight-sided 6 (26%)
alcification
bsent 21 (91%)
resent 2 (9%)
at content
bsent 21 (91%)
resent 2 (9%)
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yst in 3 (13%), thymic hyperplasia in 2 (9%), pericardial cyst
n 2 (9%), and solitary lymph node in 5 (22%).
The summary of the participants’ demographics is shown
n Table 4. Participants with anterior mediastinal masses had a
ean age of 62.1 years (median 60.9 years, range 39.0–83.8
ears) and 12 were female (52%). Statistically significant dif-
erences were not detected in age, sex, BMI, smoking status,
r pack-years between participants with and without anterior
ediastinal masses (P  ≥  0.2).
Of 23 participants with anterior mediastinal masses, we were
ble to retrospectively assess prior cardiac CT scans in 8 partic-
pants (median interval of 6.5 years, ranging 5.9–7.8 years). In
ll 8 cardiac CT scans, we could identify an anterior mediastinal
esion. With a follow-up period of more than 5 years, six masses
ut of eight increased in size (Table 5). Median diameter in the
ix cases at the initial CT scans is 14.6 mm (range 6.8–25 mm).
epresentative images with enlarged thymic masses (Cases #1
nd #2 in Table 5) are shown in Figs. 2 and 3.
.  Discussion
The present study demonstrated a 0.9% prevalence of ante-
ior mediastinal masses in the population-based Framingham
eart Study cohorts, which included both smoker and non-
moker adults with a wide range of ages (34–92 years). Oval
hape, lobular contour, and midline location are the most fre-
uent image findings for the anterior mediastinal masses. None
f the masses showed invasion of adjacent structures or appar-
nt metastasis to the lungs. Six out of the eight masses with
revious CT scans demonstrated an increase in size by more
han 20% over a period of 5–7 years. The participant char-
cteristics, including age, sex, BMI, and cigarette smoking
re not associated with the presence of anterior mediastinal
asses.
In the previous study of smokers at increased risk of lung
ancer, the prevalence of anterior mediastinal masses was 0.4%
n smokers at high risk for lung cancer [2]. The prevalence of
nterior mediastinal masses in the Framingham Heart Study was
pproximately twice as high as the previous report [2]. Potential
auses of this difference may include age, smoking status, and
ize criteria of the masses. Although the prior study noted no
T. Araki et al. / European Journal of Radiology Open 2 (2015) 26–31 29
Table 4
Characteristics of participants with and without anterior mediastinal masses.
Characteristic Without anterior mediastinal mass
(N = 2548)
With anterior mediastinal mass
(N = 23)
P valuea
Age – years 58.9 ± 11.9 62.1 ± 13.2 0.2
Female – no. (%) 1299 (51) 12 (52) 0.9
Body mass indexb 28.5 ± 5.4 27.5 ± 4.6 0.3
(N = 2534)
Smoking status – no. (%)
Never 1234 (49) 11 (48) 0.9
Former 1134 (45) 12 (52) 0.5
Current 159 (6) 0 (0) –
(N = 2527)
Pack-years 18.6 ± 18.0 19.9 ± 16.2 0.2
(N = 1211) (N = 11)
a P values for the comparison between participants with and without anterior mediastinal masses were calculated with the use of linear mixed effect models to
account for familial relationships in the Framingham Heart Study, as described previously [15].
b The body mass index is the weight in kilograms divided by the square of the height in meters.
Table 5
Interval changes in eight cases with comparison of CT scans.
Case # The longest diameter (mm) at
the initial CT (FHS-MDCT1)
The longest diameter (mm) at
the consequent CT
(FHS-MDCT2)
Percent increase in the
diameter (%)
Interval duration between the
CT scans (year)
1 12.3 38.2 211 5.9
2 8.1 17.9 121 7.2
3 6.8 9.7 43 5.9
4 25.0 34.3 37 7.8
5 24.9 33.2 33 6.4
6 16.9 20.9 24 7
7 22.9 24.3 6 6.2
8 33.0 30.4 −8 6.6
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tases #1–6 showed an increase of the masses more than 20% in diameter.
edian diameter in the six cases at the initial CT scans is 14.6 mm, ranging 6.8
nterval change in the mediastinal masses less than 3 cm at a
-year follow-up, we note that six out of eight of the anterior
ediastinal masses less than 3 cm in initial diameter (median
ongest diameter 14.6 mm, range 6.8–25 mm) increased in size
ver a median follow-up period of 6.5 years. This observation
l
h
ig. 2. An anterior mediastinal lesion in a 46-year-old male participant. A CT imag
ight anterior part of the pericardium. A follow-up CT image 5.9 years later (b) reveal
hat period. (Supplementary DICOM images are available.)m.
alls into question how to manage a small incidental anterior
ediastinal lesion within a short time period.
In the present study, only two cases, which were radio-
ogically suspected to be either thymomas or thymic cysts,
ad calcifications. Fat contents, which lead to the radiologic
e at initial study (a) shows a small streak of soft tissue (arrow) adjacent to the
s that the lesion increased in diameter by 211% (from 12.3 to 38.2 mm) during
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Aig. 3. An anterior mediastinal lesion in a 73-year-old female participant. A C
lightly to the left (arrow), in the anterior mediastinum. A follow-up CT image 7
.1 to 17.9 mm) over that period. Thymoma was suspected radiologically. (Sup
iagnosis of thymic hyperplasia, were noted in only two cases.
at infiltration has been reported as a useful finding to differenti-
te anterior mediastinal masses, suggesting thymic hyperplasia
r normal thymus [3]. Germ cell tumors or thymolipoma report-
dly may contain fat tissue, but usually occur at a relatively
oung age [16,17].
CT attenuation is a reliable measurement of thymic lesions
3,14]. In the present study, most of the masses showed soft
issue density (median 32.1 HU) and were suspected thymomas.
owever, distinguishing thymic cysts from thymomas on CT
mages is still challenging because thymic cysts may appear
ith higher CT attenuation than serous fluid due to protein-
ich content or hemorrhage [1,13,16]. It may be true that low
T attenuation is helpful to diagnose cystic lesions and that
nterior mediastinal masses with low attenuation of simple fluid
an be consistent with thymic cysts or pericardial cysts; however,
ystic lesions cannot be excluded even in a mass with higher
ttenuation [1,13].
Our study has several limitations. First, the number of previ-
us CT scans we assessed retrospectively in those identified to
ave an anterior mediastinal mass was limited. We designed the
tudy this way because initial CT scans had limitations in cover-
ge of the mediastinum due to the cardiac protocol of the scans.
econd, our study does not include pathological diagnoses due
o the uniqueness of the population-based study design. How-
ver, discussing anterior mediastinal masses in general rather
han specific diagnosis of the mass would be still worthy and
pplicable in our daily clinical practice. Third, the participants’
linical information is limited in terms of medical conditions
ssociated with thymic lesions, such as autoimmune diseases,
specially myasthenia gravis [18–20], thyroid diseases, malig-
ancies, and systemic treatment with steroid or antineoplastic
rugs [16,17]. Because the Framingham Heart Study originally
ocused on cardiovascular diseases, information associated to
hymic lesions has not been thoroughly obtained. Fourth, par-
icipants of the Framingham Heart Study were recruited in a
elatively limited geographical area and most are of European
escent. Some critics state that the Framingham Heart Study
articipants are healthier than the general population due to tge at initial study (a) shows a small nodule, somewhat triangular and deviated
ars later (b) shows that the lesion (arrow) increased in diameter by 121% (from
ntary DICOM images are available.)
igh health consciousness and careful follow-up with substantial
edical support. However, the Framingham Heart Study is still
ne of the largest study cohorts recruited regardless of partici-
ants’ disease status, providing important data in epidemiology
21].
In conclusion, the prevalence of anterior mediastinal masses
s 0.9% in the Framingham Heart Study. They most often appear
s an oval mass with a lobular contour at the midline location.
hose masses may grow in size even though the baseline size
s as small as 6–8 mm when observed for 5–7 years, suggesting
otential growth of the masses over a long period of time. There
re no statistically significant risk factors detected, including
ge, sex, BMI, or smoking status, in association with the pres-
nce of anterior mediastinal masses. Further investigation with
 long period of follow-up is necessary to reveal the clinical
ignificance of incidentally found anterior mediastinal masses.
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